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protein kinases , MAPKs）信号传导系统的激活及 MDR 的产生，而通过调节肿瘤
细胞 MAPK 激酶系统的表达有可能逆转 MDR。本课题拟采用阿霉素和 5-氟尿
嘧啶诱导建立多株稳定的 MDR 肝癌细胞模型，并对肝癌细胞（MDR＋/MDR－细
胞）中 MAPK 表达谱进行研究，旨在深入探讨 MAPK 家族成员的表达与活性对




HepG2/ADM、SMMC7721/ADM 和 BEL-7402/5-FU，MTT 法测定其多药耐药性。
流式细胞仪分析细胞周期并检测多药耐药相关蛋白 P-gp （P-glycoprotein）和 
MRP1（multidrug resistant protein 1）表达。荧光定量 PCR 检测人肝癌多药耐药
细胞和亲本细胞中 MAPK 关键激酶的 mRNA 表达，western-blot 检测 MAPK 关
键激酶蛋白表达及其磷酸化水平。采用 MAPK 通路磷酸化抗体芯片筛选人肝癌
多药耐药细胞 HepG2/ADM 和 BEL-7402/5-FU 与亲本细胞间差异表达的 MAPK
信号转导通路蛋白。 
结 果： 
MTT 检 测 发 现 ， 诱 导 建 立 的 HepG2/ADM 、 SMMC7721/ADM 和
BEL-7402/5-FU 细胞不仅对各自的诱导药物 ADM 及 5-FU 存在耐药性，而且对
其它多种化疗药物均存在耐药性。与亲本细胞相比较，人肝癌多药耐药细胞 P-gp
表达量显著增高，而 MRP1 的表达并无显著变化。细胞周期分析显示，
HepG2/ADM 细胞 G2/M 期细胞分布比率明显增高，SMMC7721/ADM 细胞 S 期















检测到 ERK1、ERK2、JNK1、JNK2、JNK3、P38α、P38β、P38γ、P38δ及 ERK5 
mRNA 表达，它们在 BEL-7402/5-FU 和 SMMC7721/ADM 中的表达水平全部是
显著降低的，但在 HepG2/ADM 中，除 P38δ mRNA 表达无差异外，其余 9 种
MAPK 关键激酶的 mRNA 表达都是增高的。Western-blot 检测显示，MAPK 关
键激酶的蛋白表达水平变化多样，其蛋白磷酸化水平相对一致；p-ERK1 及 
p-ERK2 蛋白在 HepG2/ADM 和 SMMC7721/ADM 中的表达水平明显降低，但在
BEL-7402/5-FU 中的表达水平增高；p-JNK1 和 p-JNK2/3 蛋白表达水平在
SMMC7721/ADM 中明显降低，但在 HepG2/ADM 和 BEL-7402/5-FU 中没有明显
变化；p-ERK5 蛋白表达在 HepG2/ADM 中无明显变化，但在 SMMC7721/ADM
和 BEL-7402/5-FU 中明显降低。MAPK 通路磷酸化抗体芯片检测结果显示，
p-P38 蛋白表达在 HepG2/ADM 明显增高（约 11.8 倍），而在 BEL-7402/5-FU 则
降低；在 HepG2/ADM 和 BEL-7402/5-FU 细胞中均出现同样改变的蛋白被认为
是恒定的差异表达蛋白，共有 12 个蛋白，占 MAPK 通路磷酸化抗体芯片总蛋白
数的 6.49％，可能为人肝癌多药耐药细胞与亲本细胞间的差异表达蛋白。其中
表达升高的蛋白有 1 个，表达降低的蛋白有 11 个，涉及 MAPK 通路上游激活物、






药耐药细胞系药物转运泵介导的耐药机制，而 MRP1 与之无关。 
（2） MAPK 关键激酶在人肝癌多药耐药细胞和亲本细胞中均普遍表达；
对于 P-gp 介导 MDR 的人肝癌细胞多药耐药细胞，MAPK 关键激酶在基因水平、
蛋白水平以及蛋白磷酸化水平的表达变化趋势并不一致；多数情况下，ERK1、
ERK2、JNK1、JNK2、JNK3 和 ERK5 的活性与 MDR 间呈负相关，但 P38 活性


























转肝癌 MDR 的靶点，还需我们正在进行中的系列研究去证实。 














(－) MAPK 关键激酶 
（ERK1/2、JNK1/2/3、ERK5 等）
(－) MAPK 下游底物 





















Multidrug resistance (MDR) is almost constantly expressed in hepatocellular 
carcinoma (HCC) and represents one of the major problems for cancer eradication by 
limiting the efficacy of chemotherapy. Modulation of mitogen-activated protein 
kinases (MAPKs) activation will probably be a new method to reverse the MDR. The 
aim of this research was to establish several MDR HCC cell lines by exposing 
parental cells to stepwise increasing concentrations of adriamycin (ADM) or 
fluorouracil (5-FU), then detect the expression of MAPKs in MDR cells and parental 
cells and explore the role of MAPKs in HCC MDR, intending to provide the 
theoretical instructions for the reverse of HCC MDR by targeting MAPKs. 
Methods:  
MDR HCC cell lines, HepG2/ADM, SMMC7721/ADM and BEL-7402/5-FU, 
were developed by exposing parental cells to stepwise increasing concentrations of 
ADM or 5-FU. MTT assay was used to determine drug sensitivity. Flow cytometry 
was employed to analyze cell cycle distribution and measure cell P-glycoprotein 
(P-gp) and multidrug resistant protein 1 (MRP1) expression levels. MAPKs mRNA 
expression levels were measured by quantitative real-time PCR (QRT-PCR). 
Expression and phosphorylation of MAPKs were analyzed by Western blot. 
Difference in protein phosphorylation of MAPK pathway between HepG2/ADM and 
BEL-7402/5-FU cells and their parental cells was identified by MAPK Pathway 
Phospho Antibody Array. 
Results: 
MTT assay showed that HepG2/ADM, SMMC7721/ADM and BEL-7402/5-FU 
were resistant not only to ADM or 5-FU, but also to multiple anticancer drugs. 














cells; however, the MRP1 expression was not significantly higher. In addition, the 
percentage of HepG2/ADM cells was significantly increased in the G2/M phase, and 
the percentage of SMMC7721/ADM cells was significantly increased in the S phase, 
and the percentage of BEL7402/5-FU cells was significantly increased in the G0/G1 
phase accompany with decreased in the the S phase. QRT-PCR analysis demonstrated 
that ERK1, ERK2, JNK1, JNK2, JNK3, P38α, P38β, P38γ, P38δ and ERK5 mRNA 
expression decreased significantly in BEL-7402/5-FU and SMMC7721/ADM cells, 
however, all of them increased significantly in HepG2/ADM cells except that P38δ 
mRNA expression was no significantly change. Western-blot analysis manifested that 
MAPKs protein expression were diverse in MDR HCC cells, but phosphorylation of 
MAPKs were relatively in similar tendency; in brief, phosphorylation of ERK1and 
ERK2 decreased significantly in HepG2/ADM and SMMC7721/ADM but increased 
in BEL-7402/5-FU cells; phosphorylation of JNK1 and JNK2/3 decreased 
significantly in SMMC7721/ADM but were no significantly change in HepG2/ADM 
and BEL-7402/5-FU cells; phosphorylation of ERK5 decreased significantly in 
SMMC7721/ADM and BEL-7402/5-FU but was no significantly change in 
HepG2/ADM cells. The results of MAPK Pathway Phospho Antibody Array 
detection demonstrated that phosphorylation of P38 increased significantly in 
HepG2/ADM (over 11.8 fold) but decreased in BEL-7402/5-FU cells; 12 proteins 
(6.49%) were identified to be differently expressed in similar tendency in both 
HepG2/ADM and BEL-7402/5-FU cells compared with that in parental cells, 
including 1 up-regulated protein and 11 down-regulated proteins which were 
implicated in upstream or downstream of MAPKs in the MAPK pathway.   
Conclusion: 
(1) MDR HCC cell lines, HepG2/ADM, SMMC7721/ADM and BEL-7402/5-FU, 
were established successfully by exposing parental cells to stepwise increasing 
concentrations of ADM or 5-FU. Compared with that in the parental cells, the 














lower ability of proliferation, moreover, might result in the MDR. MDR of HCC 
cells mainly attributes to the over-expression of P-gp but not MRP1. 
(2) ERK1、ERK2、JNK1、JNK2、JNK3 and ERK5 activities are down-regulated in 
P-gp-mediated MDR HCC cells, however, the decreased activities are not in 
accordance with mRNA and protein expression. Besides, whether P38 activity is 
positively or negatively correlated with MDR still remains identified.  
(3) 12 differently expressed proteins between MDR HCC cells and parental cells had 
been successfully screened by MAPK Pathway Phospho Antibody Array, thus 
may provide clues in studying the molecular mechanisms of HCC MDR and 
exploring the targets for reversal treatment. 
(4) Considering pertinent literatures, we presumed that the possible molecular 
mechanisms of MDR development in HCC as follow:  
 
However, it was remained to be confirmed through our serial research works 
whether those differently expressed MAPKs or proteins could be used as targets 
for reversal of HCC MDR. 
【Key words】Hepatocellular carcinoma; Multidrug resistance; MAPK; 
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（mdr1）途径：肝癌细胞 mdr1 基因扩增，其编码的蛋白 P-gp 表达增高。P-gp
作为一种 ATP 依赖“药泵”，可将细胞内药物泵出胞外，使细胞内药量低而无法
有效杀灭肿瘤细胞[3]。②多药耐药相关基因（mrp）和肺癌多药耐药基因（lrp）
途径：肝癌细胞 mrp 基因编码的 MRP 高表达，后者参与胞质囊泡运输，使细
胞内药物再分布，导致核酶等重要靶点药物减少，同时能泵出负电荷药物，
终导致细胞 MDR 形成。MDR 肝癌细胞中，部分可见 lrp 表达明显增高，说明
lrp 与 MDR 有直接关系。③抗细胞凋亡信号增强途径：肿瘤细胞内抗凋亡信号
增强，是 MDR 发生的重要途径[4]。④谷胱甘肽酶系统激活途径：GSH 是 mrp
泵底物，谷胱苷肽转移酶（glatathion-s-transferase，GST）能够偶联 GSH 到化
疗药物，增加药物外流，因此，肿瘤 MDR 细胞 GSH 和 GST 水平与其耐药程
度呈正相关。⑤改变 DNA 拓扑异构酶途径：肝癌细胞拓扑异构酶减少或活性






















拉帕米（异博定）、免疫调节剂环孢菌素 A 等，可以逆转 mdr1 相关的肿瘤 MDR，
但对 mrp 介导的 MDR 细胞仅有部分逆转作用或相对无效[8]。④修饰正常细胞，
相对逆转 MDR：逆转录病毒介导 mdrl 转染骨髓并表达，提高骨髓细胞对药物
的耐受，可进行大剂量和多次化疗来提高疗效，但只是相对实现对肿瘤 MDR





癌 MDR 的分子作用靶点。 
肝癌细胞发生 MDR 过程中所涉及的各种细胞生理活动，需要依赖于细胞
内信号传导系统与多种激酶系统的激活。研究显示，抗肿瘤药物能够引起丝裂
原活化蛋白激酶（mitogen-activated protein kinases , MAPKs）信号传导系统的
激活及 MDR 的产生[9]。MAPK 是哺乳动物细胞内广泛存在的一类丝氨酸/苏氨
酸蛋白激酶。MAPK 信号传导通路采用高度保守的三级激酶级联传递信号：细
胞外刺激通过某些环节使 MKKK（MAP kinase kinase kinase）激活, 转而激活






细胞外信号调节激酶（extracellular-signal regulated protein kinase，ERK）是经















通路调控 MDR1 基因转导的人乳腺癌多药耐药细胞株 MCF-7/MDR 和
MDA-MB-231/MDR 内 P-gp 的表达[15]。此外，另有一些研究表明调节 ERK 活
性能够逆转前列腺癌、胃癌及血液系统肿瘤的多药耐药性[16-19]。ERK5 信号途
径是 MAPK 家族中的重要组成部分，也是 MAPK 信号转导通路中相对较新的
一条通路[20]，有关 ERK5 与化疗耐药性关系的报道很少。对于 c-Jun 氨基端激

















细胞）中 MAPK 表达谱进行研究，旨在深入探讨 MAPK 家族成员的表达与活

































Findling-Kagan 等[34]将人 MDR1 cDNA 通过逆转录病毒导入小鼠 T 淋巴细胞瘤
ML-1 细胞株后，使得该细胞出现了以 P-gp 过度表达为特征的耐药表型。樊爱
琳等 [35]利用逆转录病毒转染法将 mdr1 全长基因转入大鼠鳞状细胞癌
CRBH-7919 细胞系中，建立的了高效、稳定的多药耐药细胞系，其对多种抗肿
瘤药的耐药性提高约 9 倍，P-gp 表达明显增加；顾玲等[36]将导入白血病细胞
K562 构建的耐药细胞，高表达 P-gp，并明显表现出对化疗药的耐药性；潘进
勇等[37]利用逆转录病毒载体将 mdr1 全长基因导入人膀肤癌细胞后，其 P-gp 表
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